Cognitive control allows us to follow abstract rules in order to choose appropriate responses given our desired outcomes. Cognitive control is often conceptualized as a hierarchical decision process, wherein decisions made at higher, more abstract levels of control asymmetrically influence lower-level decisions. These influences could evolve sequentially across multiple levels of a hierarchical decision, consistent with much prior evidence for central bottlenecks and seriality in decision-making processes. However, here, we show that multiple levels of hierarchical cognitive control are processed primarily in parallel. Human participants selected responses to stimuli using a complex, multiply contingent (third order) rule structure. A response deadline procedure allowed assessment of the accuracy and timing of decisions made at each level of the hierarchy. In contrast to a serial decision process, error rates across levels of the decision mostly declined simultaneously and at identical rates, with only a slight tendency to complete the highest level decision first. Simulations with a biologically plausible neural network model demonstrate how such parallel processing could emerge from a previously developed hierarchically nested frontostriatal architecture. Our results support a parallel processing model of cognitive control, in which uncertainty on multiple levels of a decision is reduced simultaneously.
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Introduction
In complex environments, adaptive behavior can involve rule-like dependencies on numerous conditions. Behavior in such domains relies on a capacity known as cognitive control -i.e., the use of knowledge, perception, and goals to guide action selection (Badre & Wagner, 2004; Bunge, 2004; Miller & Cohen, 2001; O'Reilly & Frank, 2006) . Cognitive control is often conceptualized as having a hierarchical architecture, such that the way that contexts are interpreted in order to select a specific action can be contingent on more abstract, superordinate policies or goals (e.g., Badre & D'Esposito, 2007; Koechlin, Ody, & Kouneiher, 2003) .
The game of chess provides a colloquial example of this hierarchical dynamic. Moving a chess piece involves a decision that is, at its simplest level, a motor process that displaces an object. However, the choice of move also derives from more abstract considerations, such as the rules of the game, the state of the board, the player's prior experiences, and a prevailing strategy. Similar hierarchical abstractions likely constrain many real world behaviors.
Traditionally, action selection on the basis of rules has been conceptualized as just such a hierarchical, multi-step process, with early perceptual stages giving way to a stimulus-to-response (S-R) mapping stage, which then determines the final motor action that is executed in a terminal response stage (Biederman, 1972; Braverman, Berger, & Meiran, 2014 
